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hi ist its fi^f eai^ ass g^isj 5i« ?«eoick 

HI & »g£J »afn f S»8hfe 01 = SI 0) 9 §^I2| }|S ?a£0IQ. 

hi 3se^ a assi ^5if°i ^£6^ ^» se^ ^ nasi bi-ai- u ¥j» ^§ uamt 
naisoia. 

XHl ^ Oil CUB a 3|^ ^££OICK 

HI Oil eg ggo gs^ion^, oia4 ^M^goj n ( oj ffsM) || o>s 014 SSfi UBUfe 3 EH HOICK 

HI Oil^g am »ti£'S*3IOIIAI XH^ a^ g^II e^A|?J g^£| Efil UEUBt A>£! 

01 0. 

* ££H| ^fi^^Oil ^m.9\ M<£ 

101,104,202,205,402,403 : a OtO|£E||0|E| 

102,204 : I&S«tt Qm±H 103,203 : S^g EilOIXi Q0I2H 

206.404 : HI1»«8 201,401 : HI2Sg$? S&OI 

207.405 : ^ XI- EE^r SH»I afB* H EH 
208 : a^iH^I 209,406 : ¥E 3^ 



S aSS Oil eg §Jf £r£^ g^3| (erbium-doped fiber amplifier)*! Oi = S »fl*s|os xilOja^l ?|& a 
£l¥^0il 36!" 30ICL 8 CH ^x^l^o^ ^ Oil eg U2r SOI^ OH li (optical gain medium) 

e_ Oil^S mJ\ m&Fr e^^Kfiber amplifier) Oil AH S= OI^S ttm.g E r ?-|2J ^ & CHI ¥2hm:HI a 

§6Mi s» s hioispi s^e^oii sma »s« ^x r ee^ eat!- ¥j»/»a* 

#3 HIS ^ 3JEH« <M^§i ^ = n z^^on ^tgt 33OIO. 

i&^2S Oil eg S3I- e^^l^ 1.55/^Erg- CH«2| SS^OilAH Dl^eh Zttimm §e^5 r 0j e 

Hr¥-|2J g^i M^S £31 flff 5JQ^AH, S^^oj 3|S ip^B XI1 1£ Oil UEfyj tttS- fl"CL 

eai^i oiieg git s^it hmeoii uaa urn zroi, on^ei oiiss §:>r aasa a:»s 

Oil eg OISM 01 D\ (excitation) Al 3 1 D\ 9\& & SH(pump)g aiOITH C|0|SH(laser diode, 103), R\ 
§3 §5^ I»S2| §yg ^£l ^&8^| ae^XKwavelength division multiplexer, 

102), m\H ^^ifo^ ^i|g8r^ ^S SHIAI5IH <*^§to^ xi|H6^ ^S x^&Sfe S 0 r 0|^l0|EI 
(optical isolator, 101, 104)^^^ ^P^SJCH 91Q .S£§ fillOIXH DFOISH^^Ei S^aoi II|-5SSf Cr^^ 
XI- M >ixH OlI^M mJ\ a^^Oil gJAh£J3 Ui£| Oil^M 0IS0I Oj J\ (excitation)£| ffl , ^jm^OI Oil 

§s S^r S^^M CCf ah Sty 8^ oi^l^ Oil^M 0IS0I bc h S Oil U XI &EH JeL SiOlofSAH <y^^°J 
01 OI^CHSICK U} E}M SBH^J OilMM &D[ e^^lOilAH^ gj^ £1^2] JL[^D\ 

e^^i^j oi^s sjw, ^^^oj m oj ggmoi ^^^^ a a ^^^oj n^ojon 0 |^ 

2| ^§8 CH^r ^XITil SDK 

&H. »S»» DgSKwavelength-dlvision multiplexing)^ XKsubscriber)§ ^Btt Al^iiOIIAH 01 a 

mm xHy^i timmwoi mm sjAha^ ssoii ^ as xHyeoi ^^^^^ oioj^ £_ 2 n 

(on-off)£j^ §?i ^ieoa, g^^i^j Eh?-i(es xh^ »«2i ejaiasoi ^ 

S§} ^?I0|| AlZl^o^ giff 4, oior^ T oiatl- SSOi!^ e^^l^j 01^01 XH^M^I 8-25 

^ EH Oil Oja ^&§1- g¥iOil gxi ^^^101 2iM 4= SICK Hf^AH , CH^ ^§ XH ^ Oil CHS 1 01 = 01 

aM2J S-2H01I ETia Sg^^il £|D| f 0121 as 0|=£j" I^§gg 2X11 A|^g2| ^gOil£ XISS ^SH'tf 

4* ?i= ^xiisoi aa. - - 

oia^ sxiism oH^a^i «s "e ^rxi ^ss, sas s^^im »'§ 0121 21 ^§ ni-soiiAi asAi^ 
ag^i aioixi^ ^sfAitjo^Mi, ajis nh & oil en Ei- e^^i^j 01=01 ej^ <yssoiu e^sa ef 
amsi ^sfoii£ i?am ^sxioii ^01 ^ssfat^ xhi ch ahfe 301a. 01 a aoi aas e^^is aioi 

Xi^AH a5!A|5iaS 7l&(feedback)^^M S^6H ^CHO^ offeQI, 71^ ^?^0il^ ^§ El- § Oil AH a 21 

5i£^ 111-99 <^^a^ 3i^si ^x^2f, as^oi ^is^^f mm §^&25 u^i-xi a&s 

HrS£| ^S XF&6HI 3 2|2| ^Jsg Ef§ CH^^J ^S ^EfA|5|^ D\^9\ WE{J\ W&5[Q. 
X|^^IM(M. Zirngible) m ^ S3^a(H. Okamura)eS mm\°\ a^M ^^Ef^^ 71^ 

Al 31 i" SS^Kring resonator) S ^P^&^^Mi e^^lM § aiOIXi SEH^ a&AI^ 0I=S 

HI OH Shfe XHiehof^Ch 

[S5: M. Zirngible et al., Electron. Lett., 27:560(1991); §y H. Okamura et al., Electron. Lett., 27:2155 
(1991)]. 01 ^OilAH^f Hi 0I¥^ a^l UiSJ g^S^OilAH ^CHt^ ^^Oil ^^iH^I 

(variale optical attenuator) a ¥0H a^ll,^ ^ aiOIXH S&^l ESfAHJo^Mi e^^l^j 
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MaWIOIfKE. Delevaque)e^ S^2I9 BSAI3PI flff S^3|2| gj^B 

a- Oil^M Sir ^£^2j B^CHI ^IH ¥^AIS EHM£|-E||^(Fabry-Perot)ii S£!}| 

S ?S8t0i nhSCHt AH B«B!A|3|fc »&!8 HlSmSP- 
[§£:E. Delevaque et al., Electron. Lett., 29:1 1 12(1993)]. 

HI- S CHI AH ^AfgOl S gJ-AHj HEH ^XF^AH e}A r E|XI Sfg CH¥^2j gj© giO| 

ahfe Pr5ia. sate* aais/H, s^g sasu oii^m s 

£^2| S^rOI §018*2 £^0| DH^ ^2H5, HgH 3^011 ^£01 M Sl^l 

Ai^a a 9xi oil ai oh^ wssie ±x[ aaoia. swiff xibjim a 2?f?a ssi ^^ohah^ a lh¥oii 
sa&oi Mmm ^ 2i2H§, E^ai-n yae ^Ahs a*s» 4^ gjp. 

£01 H£|H||0|fl »&18 ^AfS A^g8 r 01 »H =?^m B^SAiaOte 0I§£ 2i^U, HHMdl- 

HIS ITS! ^£0|H^, »as UtOIIAH tfSg 3^2* aj^ S §^ SS^ BXIS^I SO. 0IH» 01^ 

AilCHiJ = = CHI AHfe AHI CH OI^Hj 511 oH »aa £im.g ^tl^P^ 51 

01 12§ (31, 01 gj^ Oil Alb 3S2I- Aj^g 3^21- gJx|8r°^ 731 CH 01^2] 5101 95^2^ CH5IS 

&§oi sip. 

caafAH, ^ g§8 esu 31^21 saias 91a spi «e 5!^^, ^ tsxfe sbh2| e^e* s heu2] 

^2 ¥H 9\m eastoi. ^am msoiiAi mo\ &Mmm d[x\o\ n 2121 h^chiah^ «>a*8oi ^21 0 

21 *}A[m&m ^ ^xf se^ 01 sss ^xh£f en© ^^f/^Ai- m&m m= ^^xhi ^ eh 2f n 

S ^Ahg ^EHS BXI ^^m ^^2J <m^3 V^5^, 6fU2| ^XF EE^ ^&X1\ ^ 

ME\J[ ^2 E[§§ £±^8F£r ^31^01 <M^#^ mm I^B25 LPFXI ^5^£^ 

S2| X^Bam 3 2|2| <M^^ m-g cH«o, ^HfA|5H^ ^l^2| ¥ ^hXI ^I^M gAIOil ^IS^ ^ 2i 

H, SEth ^5! ^^21 51§]-o^AM X-ilCH Ol^g ^SfAl^ 4^ ^§1 ^2!8H2. ^ ^gf &^6PI0|| 

oi^sia. 

^ ^S2i chi^m mil e^^ioiiAH oi^§ gj^ m^2i ¥^6f^i s^s 
a^i sxi * aiois ^ si^, chi^m s^f g^:?i2j B^m^ »s ¥5i aiss^ 2010. 

^ ^S2| Cf^ ^ 01 OISF2J ^ Ail El ^S^^ "EH S^5H1 5101 Q. 

^ ^§2j si™m ¥&o\j\ ?\m o\m xmm o\\^.m mj\ e^^i2i m& 

Oil MM 

g^l Oil^M ^^^OIIAH X|-2&#S2| i?§ Hhg^BH^o^ 0]|^g ^^A|9|^, 

^sisoi >iim^2f s^i pgog 51 xf&a^ ^ mxi ii^m saichi ^tya^ ^a^ we\ 4^e; 

^,01 y-A^S B E| ^eCHIAH oj-Ah£JCH ¥IM0h ^ h 51Sg MSSffe ^Jl^ e^E^2| HI1®^^ ^1,^1; 

Ah^j = H rj>^ £PI ^Ah§ ^EH 492£ ¥EI 5\m0l 2 DAI 0]|^g m?\ S^^^ 2JAh 

AI3PI ^|§h A]^^ oia^ c^2| XHI2S^ ^ fit^l 

m s^sfb 5im ^s^^ mo. 

S tfgSI ^2 ¥^0ilAH^ feOI BhAfg ^EH 4*901 aj^S «^B3I- ^51 »I19«S 11*^1 A^OIOil 

3, ansas aa^ia Aii2^^^ mmn^ s^oii 2|sh ^m^9.^.m °^f° ^5^^ oi^ 

0)5! a. 

^ S All AH Oil SiOjAH 0|| = M ^^^^ 01^ OHl^AH Oil 01 g^^^iU Oil^gg 

5^ 01 3? | CHI 5^2| ^01 mJlB B£^m 2|0|&Cf. 
^ ^g2j iSlfHf ^ah 6 ^ p| Oil ^ UH2J *}Mm WE\ 4^9°I0I ^Q6Fffl ( &A|-a =EH ^92S 

AHfe ajXKfiber grating) 01 ^Xl$} m^m IttS CH^OilAH g^th 2J-AI- gJ ¥31 

SSai HI (dielectric thin film filter)^ A^g^ ^ 2i^CN ( dh^^a^lb ^X^F AFg^CI. 

^ ^S2| ^^8^ ^^1 ^Xfe 30iUi2J ^ISOI ^^^2J ^ H J§og ^J\*\° 

^ 95£J CH aife §EH2| 5X^AH, ill ^5 4^1, ^ ^XF ^^1011 2|oH ^§£J^ ^e.f3(Bragg)H^ 

S(HI3£0||A1 ***)OIIAH 5101 «[AHM ^FXIffl, 3fl2| EfSOIIAH ^A^OI 7i9\ 021 ^Ah ^SCf. 
^ Oil [Tie ^51^^21 3^011^ 5i4Bi 4* 21^01 , 01 SI 4* 

J[&m S^iH ^Kvariable optical attenuator)^ Ah§6 r ^U, ^£1 g^iH^IS A^ga^XI ^3 gi| 

x-ii 1^ xii 2^^^ mmj\ m o\± mum ^hf?h ui^e ^^ai^ 4= 2^ ^1,01 (tunable 

fiber coupler)S M&m 4^£ SICK 

01 sk 01^ hi oi a chi^m s^^ioii AFgs^ » waoii mm mzi ui&™m mmoum m 

^ £31 SO g All 81 SSSQ. 

BS, » ^S2| ^f51 S§f8r^ 01^ HI 01 a Oil^M S^^|2| il^^l §!£IS Xil2£ LH XI Ail 

Ail2£^ ^ ^SOll Hfe iSfHl 5lf6fb 01^ XIICH1 CHI^M S^^I2] i|g ^^EO|C|. All 

2£01l EAiaCH tihSh ^01 ^ ^S0|| CO^ ^5! ¥^ Oii^M Sif e^^l2J Aj^g ^^y^^f 

oj^B^Oii AIII^aho j | (206) ^ Ail 2 ^ ah ^ §§ 1 ^|(201)S ^^o ffl> Ail2S^^ ^1,^1(201)21 3 
a 9^31 AiMS^^ ^1,^1(206)21 3S1 9^01 ¥H S^ ^92] S^^i^l(208)S S8r01 

S^Oil 2I5H 2^£J0i Slfe 1EH^ -? S @ P" . 

se&. e^E.^21 xrns^o a s^i (206)21 2a ear 011 1 A-ii3£0ii uau &m h *a ^ 
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&m bahi sehb sss aj»(207) ee^ oi a- ba^/^ m&m sjt saxii ^ wem bb 

XII 2£> &^3\0\ <m^^2J ^QISS, ^J^ £!sSOI °J^B25 fflAhSKM gJ^B^Sl HI2S«Sf 3 

BK?I(201)» 3 0K)l#ai0IEI(202)» Xx| MSB S3 1- S£^S BIAJSQ. OilSM a 3 1- S^SOil M -S**S - 
EE DfB 3 0h0|^BII0iEi(205)2f #«B^2j Ullgr^S a»3l(206)« >l^j ^Xh 

(207)s xi u i^02£ u^Tii ga ag?? ^xK207)fe Mam i&g a si ^iis ma on en an ah ¥j» 

li lr£^ ^XrS 8J Ate* S^a &!S3S BAfgJOl EH¥S i^B£S U23II SD. 

&H. 0||SM S2> g^^OllAH^ £JsSBO| 301 OMJ£h Eh§ CH^OII ^XH tt»8hte XFB gj 

^(spontaneous emission)EE mm g^£ICH ^XK207)S 8IA18MI SCK g=a XrB ^i^ 

(ASE:amplified spontaneous emission) ^0)1 AH ^X^ EfSI SIMSfrfc fflS 

^XhOIIAH ^£10) Oil^S 8 31- «s S p, @p BAFSrS S^B^SJ flM g S o ^ & ^ I (206) CHI 

AH SBHteHI, 1B BBS LWfc SIS » OtOlttSIOI EH Oil AH »BHM. 3B BBS LPHs HI2E0II £AI 

8 U[93t BOI, ¥5 3^1 CLrBI 3>B SS±li:?|(208)S »^ S^B^SI XII2SSS 38*31(201)21 3B 

BBS S6H MOUr 2B BBS US ° OIISM «£^S £J AI-9 0] CMI SSfSW. OIHff ^§01 B^a 

a: 

CH5MH s^a »s gma g ^x^sj b^o m§ ¥5 s^i crje* £§*6>bah m 

^SteQI. e^^lOIIAHHJ §^ 01^01 ¥5 2fl|£J ^^Bf BO^IB. B1I0IXHSAH BSIOI OI¥CH£!Ch 01 

21 AH, ¥^ S XII 21 £^0|£* §8, * }H2| £r£^ BfiT^IOIIAI SiS B!« 3rB 33*I3I0I|A|2| » 

b.b ^21 sssioi bssoi 3^ 5£gs 2iaiech 

BB^S, e^^l^ 3 ^ EH (steady state) CHI AH S^W3II SteQI. §fe^EH2| 3^011 3101X1 B£! 

£ 0|^OI.¥H m%]\9\ ^^Hf SB B^IOil ^OI(clamping)Il§a xHS OI^CHSCK BB e^^l 
J\ ^XhSI Hdf3 III-S01I £|oH aiOIXHSAH ttSS^I £IB, ^§ § EH (homogeneous spectral 

lineshape)« ^^Xl^ 01ISM ^i^£| ^^^^ oi 6K ^ U\9\ OB EFS)Oli EH6HAH 

£ oi^oi stoii mo\ usap. cc^uh. s^^ehs e^a^ 3^011 e^^Pi- B^ia^ 

LH CHI AH ^ Ajsg BII^OIU S5§ E^-J £||^0| ^S[SKH^£ dig Eh S Oil CHt[ 01^01 BSfShXI S3 

ass^i ^xiaa. 

^m, ^^iH^i(208)« oiemB ¥hhi ^ si^oii, aioixi bsaioii oi^b ^^^i bb 

hjichiah mo\ h§£jhs s^^H^is ^^6^ e^APiB e^oi^s 

e^aCK H^Un, ^£ S^iH^I(208)SMi g^^l^J g5t OI^S MOim ^ XHI2SCHI ah 

¥ ^§,^1(201,206) m o\± ami bi^e ^^ai^ ^ ^^b§ 

(tunable fiber coupler)^ CHxilshB £^±HJIS Ahe§[ 5!^ D^PrXIS §^^l°l §^ 0| = S XHICH & 

4- 2lO. 

X1I4£^ Ol^ XHICH ^ OIISM g^^lHJ ^a|0| ^ BSOII B5!¥M£| ^l^ ^?£!£0|Ck 

»S!»e ^XK405)0IIAH BA^CN, K*Ah»2| B¥^f HI4E0II £Aia UFa BOI HliaaS-SS^I 

(404)S ^XH SS(406)S df^ HI 2^^^ ^i,PI(401)S MOjZj- * CI- A I OIISM &^^S SAhEl 
01 e^^l LHS ?l^goSAM B 21 Oil ^lOlthCK &S, dl^g 6"^^ m§0||AH 

^Xh2] BAheOI >|2] OOIHS, ^XhOIIAH BA^OI ^o[0\ i^B2^ U2)|| aCK 

oi£i& ^^oii ah ^x^ e^a XfB &sa*2i B^S g^^lS ?l&A|^BSO| 

OI¥CHXI£^ mi\ §A|0||, M^^il 1^32^ U2b 51 M xhB6fe ^I^M ^S^CK 

XHI5£Efe S BSOII Qja- 0 |^ OIISM §^^l2f 71^ 0|¥XI SfB eBH°J OIIS 

8 § = ^|0||AH 8J^ <m^^oj Ef o| t^Qii § s oi^ BSfS ^36HQ, 3 U&a 3 

aisoio. 

HI5£2| 32HH0IIAH 

[IMAGE 2] B ^hB§ g^iH^I(208)0||AH2J ^^^01 ¥^Pj^h £J£^ ^^§1 3^, ^ 71 ^ ¥5^[ S^£JXI 
S^HJ 0!^ BsfS UErtH 3S0IQ. 71^ OI^CHXIXI S^B S^OIIfe S^^B g^l£r Xr 

opf oia ^ g m?-j^i- s^h&oii ua oi^oi ^^8^ uataa. 
oia bima^oi x-iistsj hbh^oiiah 

[IMAGE 3] £r 

[IMAGE 4] t: ¥1^1 i^E 3?°l 01^ BafS -UaUlfeQI. -0IS6K)I -^^ 

«"35ll » S?(¥5 23 d"B)a>3|| » S^(^H 20 dB)0|| 8H9ttO. ^ S^OII EH5F01 Z-||5£0||AH 
M Sib dF2f BOI, -12dBrru2f-8dBm£Q SfS gj^ IH-9I S Oil AH BSS^I £lb Ell, BB 

B20I OI^CHXIB 0|^^ ds^HJ E^oj BsfOII ¥5hSr^l B§^ &0U H§£|CH ^XiaCK OlttH, 

£rsj »« b^^f aiaac oi a^ s^ppi- Bse^ » oi^g bs^xi ¥h ^^s b^ii g 

^Ollb ^^0| g^OII dlSKM OI^OI e ^ EH Oil AH USEjOl ^^6^1 aCK HaHU. 01 3^011 SI 5 

£ Oil AH dhSf BOI OI^M ^^AIB ^ d^^oj m s%°\ ^^aCK 

HI6£b Uim^j XH^(2»= 10kbps)^S B^a UXIfi gj^ ^^11 §£HSJ e^, h ^IB OilSM ^^r 

^l£f S BSOII COBh BfS ¥51 SlfSFb 01^ XHI CH S g^^lOll 2J^8r01 ds^2J Ef§ 

Bifs uunsm. □ ^^im uefb 5010. 

HI 6^ OH AH « ^ dhSf BOI, S^^B OIISM 31 Oil AH ^ tiling XH^(^ fc 10kbps)^S B^a 

P XI M ^^a 3^011, 101. £Jb ^BOIIfe 01 = 01 3U, <m^^^ 'VB ^EH^I- X|^£jb 

SBOIIb CHISM &±2\ BSB£ ^^011 2J5H 01 = 01 §xh ^^m°S, g^a Hh^ CHI SH^OI ^^EK 
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3ehlk s m&ou mm oi^ i\\o\m ¥5 e^^ioiiAH^ oh o\mo\ ^sm ^xi£1hm m 

OI^OilAH &AII6I b»2|- SOI, ^ ^Sl¥^fe Hdf3 Eh SOI! AH 510] ^Ahge 2*XIDI. 3 Ef 

SOIIAHfe &1A1-S0I >j2j 021 Ah ^Si ^Xh SE^r 0|» §i§ ¥^/^Ah Sfe 

om xwm oil mm g^^i^ s= oi^s ±im.gs\ m$\ asm n^-i ^ if oil ^ 

5^1 o^§ 6 ^[ xhi oh a v ^ ?im oil\e\, xi^ s/=ai chi mm 9\\^m m^m 
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&=?» 1» 

oj^B^HJ SI2Sg$? ^g3l(201,401)2f 3 OfOI^BIIOI Ei(202,402)S SA*S ^1^1 e 
^AI^PI fl» 0||eg gg$?; S3I OJI^M *P|- g^^OUH g^£J0] 3 OhOI^^IOIEH 

(205,403)2f BUSS?? §1,^1 (206,404) M >lxi «»Ste »a»»»2| ^¥1 W§il^5!21 Oil^g 

71^A|3|^, g^SgOl £!sSKDI- S2HI i^B21 U2fe 28 »&8^ ¥ ^Xl }|^8 SMI ^tB8h 

d\ %m &Atm ma 432§Ai s^BOii eiashoi a»b sas a?» saai ^q* seh 

(207,405); 6PI S£S SEfe Sfifll *W §» Ei (207,405)011 AH »A*S« ¥jg0h 2^ BTS!»8 »»8^l 

floKX ^IS S§!B^2| g 01-01 01 EH (205.403)21 EEfe a*Q| g EH (207,405) A^ 01 CHI 

¥1x1 & XU13ti& 3 B3| (206,404); £>0| HI1g£^ S §,^1(206,404)21- gJ^B^ 

2| X1I2§£^ §1,^1(201,401) AhOI CHI ¥5 2i^B2^Ai S2J±H:>I (208)S S»S>te ¥H §EJ) 

2| f 5 §^(209,406); £p| 3S(209,406)S C0E4- 2j» £^ SHSII ^ i!E| 

(207,405)£S «EI 5\m0t g CI A I Oj|sg °JA^A|3|^| ^6^01 fcl^g- S^E^2| g 

0F0|#ai 01 El (202,402) 0IS2I ?]xlOUH ¥5 3^(209,406)21- «I2»&S 1 1,01(201 ,401 )■ S»8* 

t ow^rn mil as?? s^^ig »a 
a?* 2S 

aiison sjchah, a^i mi Hi2»g$? i^i g oi^ ami ^nf?-j u\mm ^mM^ 4= 91^ Dm 
a^a 3& 

aiasi B a^¥°i s&s^oiisg §^ g^^a oismoj m^o\mm mo\^ 
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